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This xeport _ summm'i2e the last six months effort aimed at developing molecalar beam

epitaxy (MBE) grown buried he_n_3structnre (BH) lasers operating in a continuous wave mode up to

mission wavelength of 18 pm, for use in infrared helemdyne spectroscopy. In general the

program was aimed towards produ<fing high quality PbSnTe double heterostrucmre lasers wh/ch

requite advmoed stripe geometry technology. The assumption was that once we will master the

technology to make mote simple broad area devices we will be able to apply the knowledge we

gained in striping LPE grown PbSnSeTe lasers to MBE grown PbSnTe lasers, This assumption

was indeed valid _md the technology transfer was quick which led us to believe that it will benefit us

even more when if we w;dl implement the more reoenfly developed buried heerostrucmre technology

in the production of PbSnTe lasers. This tedmology has been proven to be superior to regular stripe

geometry both in yields and perfotmmce. IVlmufactnring yields of buried hee_)stng9_ lasers c_

be compared with broad area devices. Unfortnnately the major obstacle in completing the program is

due to the inherent propet_ of the grown _ rather than dit_c¢lties mixing from

mic_'ofabricating the devices. This w'ill be explained in detail in the following sections.

PbSnTe/PbEuSeTe BH laser perfornmnce

Originally the planned effort included the successful develolnnent of broad area d/ode lasers

over lhe desired spectral range followed by the development of stripe geometry technology. Afte_

readxing a PbSnTe composition that produced 9.9 pm emission at 20 K for broad area devices, we

have concluded that time constraints arising from the six month tacget date of the contract, d/c/ate that

a perallel effort in stripe geomelzy t_chnology must be made. This effort resulted in improved stripe

geomet:y lasers with 20 pm wide sgipes and 121 K operating lempemute as tepored ineviously in

detail At that time we also attempted buried hemostructure (BH) PbSnTe lasers with PbEuSeTe

ctadding layers. As aresult of of the fact that our diode laser product line is based on the buried

helerostng/me technologywe did not experience amy dfffiodty in implementing this technique to
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PbSnT¢ compounds. Afk:r conducting more feasibility studies we condudcd that it was more

efficknt to conduct _ rest of the _ program utilizing buried hek_-ostractme Icchnology. This

decision was based on high yields (that even matched broad area device fabrication ) and superior

perfonnmce of buried hemostructute lasers. In the next phase of the research longer wavelength

BH diode lasers were fabricated with laser emission reaching 13.2 pm at 20 K sad cw operating

temperatme for certain BH lasers going as high as 175 K which is a record operating tem_ for

PbSnTe (_npounds. Detailed informationregardingtheseresultscm be found in the second bi-

monthly xeport.

Extending laser operation into longer wavelenath evni"sion

When attempting expansion of PbSnTe laser fabrication to compositions capabk of emission

in longer wavelengths we have noticed a degradation in the nmximmn operating lemperalnres as well

as inaease in threshold cunents when the Sn concenlzafion of the PbSnTe active layer was inaeased.

When looking for a possible explanation for this phenomenon we have found that as Sn composition

in undoped PbSnTe epilayers is inacased, rite hole conomlration also inaeases, which czeates

unfavorable condition for carrier amfinengnt. A possible solution, though not neoessarily the best

one, is to extuaelly dope theac_,e layerwithsa n-typedopant. Actuallyin order to control

the doping level one has to know the dependenoe of the carrier conomtration on the dopant

flux for each PbSnTe comlx_tion to be used for m active layer. This basically nga_ many

calibration runs which rite lime frame of rite present conlract would not allow. For an interim

solution we have decided to dope the last third of ate p-type active layer during growth, to the same

level we normally dope our second cladding layer using our Bi2Tes source. First we have checked

the viability of this solution by growing and preparing lasers with compositions that had pxevious

sucoessinlaserprodaction withouttheneed of active layer doping. Followingthesuccessful

production of such lasers we have manufactured a few devioes where we increased the Sn conlent

shghfly above 18 at.%. The outcome was positive with laser emission at 20 K rearing 13.4 pm.

Due to the short ring left on the present contract, our next few attempts concentratul on BH lasers
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with a Pbo.TsSno.22Te active layer calculated for 17 pm emism'on at 20 K. We have found that when

injeOed with high cunents (about 2 A) these devices lased but wi_ wavelengflt corresponding to the

cladding layer composilion.

This means that when comparing the active and {he "parasitic" junctions ( the junctions between the

cladding layers in aBH configuration )the elfin:racy of the cladding-cladding junction relalive to the

activelayerjunctionwashigher.

Current status of the research

The above phcnoxne_m poge_ a major ob_ta_ to aca_'v¢ 17 pm emitling lasers and is

difficult to overcome without in depfll studies of the doping properties. Thexefore we ae now in the

process of evatnaling the ties between growlh conditions and the active layer' s carrier concenlrafion.

The cemer concenlration of undoped PbSnTe layer_ is known to depend on the excess of Te in rite

laUioe. Therefore in MBE growth of such epilayers one grows p.type layers by using a Te molecular

flux in addition to the PbTe and PbSnTe souroee. Without the Te molecular flux the PbSnTe layers

grow n-type. We have started the following investigalion. PbSnTc (22 at.% Sn) layers have been

grown on BaF2 subslrales with different fluxes of Te. The appropriate can'ier concentrations w_l be

detmnined soon using Hall Effect meesuremenls. If we find out Ihat the desired hole conoentralion

caabeadtievedbyadjuslingtheTeflex, we w_lcertainlyexplorlhis. In cese we find out that

extmml dopenls have to be used to control the carrier concentrations, we w_l use doping of rite active

layer to grow lasers emitling at 17 I_m.

Summary_ and conclusion,,

During the six month of rite conlract period we developed MBE grown PbSnTe active layer

diode lasers capable to emit up to 13.4pro. I-figh quality stripe geome_ lasers were prodaced with

improved modal behavior. Towards the end of the conlract period we have developed the BH

tedmology for these lasers. The BH lasers showed superior optical and ekc_cal properties in
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comparison with the st_dard stripe 8eomelzy as was expevted due to bett_r optical and electrical

confinement inherent to axis structure. We have not been able to read_ the desired 17 pm wavelength

most likely due to the high carrier concenlralion of h_e undoped PbSnTe active layers. Studies aimed

to overcome this obstacle have been started.

Recommendation for future wor_

A. Complete studies associa_ with controlling active layer _ cono=tration.

B. ContinueMBE lase_rims_g Sn tonightintheactivelays.

C. _ sucoessfulnmswithlaUice_ aaddinglayers.
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